Significant insights for critical current density (J c ) improvement in Bi-2212 superconductor wires can be obtained by an accurate analysis of the structural and microstructural properties evolving during the so-called partial-melt process, a heat treatment needed to improve grain connectivity and therefore gain high J c . Here, we report an in-situ analysis by means of synchrotron X-ray and neutron diffraction performed, for the first time, during the heat treatment carried out with the very same temperature profile and reacting oxygen atmosphere in which the Bi-2212 wires are usually treated for practical applications. The obtained results show the thermal evolution of the Bi-2212 structure, focusing in particular on texturing and secondary phases formation. The role of the oxygen is discussed as well. Hence, the present investigation marks a significant advance for the comprehension of the phenomena involved in the wire fabrication process and provides useful insights for the process optimization as well.
I. Introduction
Scientific applications involving magnet construction for the energy upgrade of Large Hadron Collider (LHC), for fusion (ITER), or for Nuclear Magnetic Resonance (NMR) magnets require superconducting materials capable of generating magnetic fields above20 T, once wound as magnets [1] [2] . High temperature superconductors such as YBa 2 Cu 3 O 7-x (YBCO), (BiPb) 2 (Bi-2212) show flat J c be-haviour up to fields above 30 T due to H c2 exceeding 100 T [3] .
Among these, Bi-2212 wires exploit a very flexible technology: they can be processed as round conductor with fine and twisted filaments arranged in multiple architectures. The metallic sheath has a high thermal conductivity and there is no need for any diffusion barrier. However, the significantly low critical current density (J c ) of Bi-2212 wires has been the bottleneck for long time to their application for magnet construction. For several years, research works aimed to improve such transport properties were focused on the analysis of the Bi-2212 phase formation trying to reveal the relationship between processing, microstructure and superconducting properties. Despite of that, recent reports [4] [5] [6] [7] revealed that the internal gas pressure generated during the heat treatment produces the formation of bubbles inside the wire and the density of the superconducting filaments is reduced. Such a phenomenon has been recognized as the main hindrance for J c enhancement in Bi-2212 wires. The application of a gaseous over pressure (50-100 bar; OP) during the heat treatment has been proposed to increase the density of the Bi-2212 filaments and thus J c [8] . The samples obtained by the OP process show engineering critical current density (J e ) values of 800-900 A/mm 2 at high fields, well above the application require-ments (J e =400-600 A/mm 2 ). As an alternative route to the OP process, an innovative mechanical deformation has been proposed by our group [9] [10] [11] with the aim to realize dense wires with superconducting properties that could satisfy the application requirements through a more attractive process for an industrial scaling-up. In such a context, significant insights for J c improvement in this material can still be obtained
by an accurate analysis of the evolution of the structural and microstructural properties during the so called partial-melt process (PMP), a heat treatment needed to improve grain connectivity and therefore gain high J c . Such a process involves the heating of Bi-2212 powders contained into the Ag sheath above the peritectic temperature (∼ 882°C); as a result, Bi-2212 decomposes into a melt plus solid (SrCa) 14 Cu 24 O 4x (14:24 AEC) and Bi 2 (SrCa) 4 O x (2:4 CF) phases. During subsequent slow cooling this mixture reacts, forming well connected Bi-2212 phase. The final annealing and subsequent cooling at room temperature lead to an oxygen over-doping, enhancing the transport properties at high fields [12] . The investigation of the phase assemblage in Ag-sheathed Bi-2212 wires and its evolution during thermal treatment has been the subject of several studies. Zhang and Hellstrom [13] found that the phase assemblage forming after the incongruent melting of Bi-2212 is strongly dependent on the O 2 partial pressure in the reacting atmosphere. Recent works showed an extensive formation of Bi-2201 (Bi 2 Sr 2 CuO 6 ) intergrowths within Bi-2212 grains [14] . The presence of Bi-2201 and secondary phases in fully reacted wires can represent a limit in reaching very high J c even in very dense filaments. All of these studies were performed using SEM-EDX analysis on fully reacted wires and/or samples quenched from high-temperature to room temperature. A first attempt to an in-situ analysis was performed by C. Scheuerlein et al [15] but here, for the first time, the phases and structure evolution have been analysed during the complete heat treatment, where each step has been accurately monitored in terms of heating/cooling rate, temperature and duration. Actually, neither the processes occurring during each step of the heat treatment nor the role of the oxygen pressure are yet completely understood. We recently applied, for the first time to the Bi-2212 superconductor, a model based on the proximity effect to describe the nature of the grain boundaries through the behavior of J c as a function of the temperature in samples with different oxygen content in the overdoping regime [16] . In the present work, we report the results of an in-situ investigation of Bi-2212 wires, carried out throughout the thermal treatment performed in the very same conditions usually applied in the production process. In particular, the reported results illustrate how the Bi-2212 and the secondary intergrowth phase Bi-2201 evolve during the thermal treatment as well as the major role played by the oxygen activity in the reacting atmo-sphere for crystallization and texturing. The reported results are hence important not only for the comprehension of the phenomena involved during the wire fabrication pro-cess, but also because they can provide useful insights for the optimization of the process itself.
II. Experimental
The investigated samples were prepared using the powder-in-tube method (PIT), start-ing by filling an Ag tube with outer (OD) and inner (ID 25 μm and a superconducting fill factor of about 22%. In the above described process, the new concept for the densification of powders before the partial melt process is used [9] , namely a proper alternation of drawing and groove-rolling steps that drastically reduces the porosity and leads to a powder density inside the filaments much higher than that obtained by the standard process with just a drawing deformation. Figure 1 shows the crosssection of a multifilamenatry wire. Due to the limitations dictated by the available beam time at the large scale facili-ties where experiments were carried out, some changes were necessary, as hereafter described.The in-situ powder diffraction analyses throughout thermal treatements were carried out using X-ray radiation at the ID11 beamline of the European Synchrotron Radiation Facil-ity (ESRF; Grenoble, France; wavelength λ= 0.14082 Å) and neutron radiation at the high-intensity D20 diffractometer (λ = 2.4162 Å) of the Institute Laue Langevin (ILL; Grenoble, France). In both experiments, the samples were placed in a furnace mounted directly on the neutron or X-ray beamline. Figures 3 and 4 illustrates the experimental set-up assembled at ESRF and ILL, respectively.
The XRD analysis at ID11 was carried out using a tubular furnace in an experimental setup similar to the one used by Flukiger et al [17] . The quartz tube was closed by two kapton plugs and suitably shaped radiation screens were realized; in this way, the in-cident and diffracted radiation can be transmitted without interference across a takeout angle of about 3 degrees. Single multifilamentary wires were then reacted under both an O 2 flux and an air flux using the thermal treatments TT2 and TT3, respectively ( Figure 2 ). XRD patterns were collected in transmission geometry; a two dimensional detector was used and images were integrated along the azimuthal direction in order to obtain q-scan type measurements for the study of the phase evolution. In order to optimize the available beam-time, the thermal treatments were arranged as follows: the plateau step has been reduced at 3 h and 8 h instead of 48 h for the treatments. in air (TT3) and O 2 (TT2), respectively. In order to obtain a more complete analysis, data collection at room temperature has been performed on samples that previously under-went the whole heat treatment TT1 in our laboratories (fully reacted samples) in both air and O 2 atmosphere. At this scope, data collection was also carried out at room tempera-ture without the heating furnace, thus providing diffraction patterns with wider angular ranges. In order to estimate the weight percentage of the coexisting Bi-2212 and Bi-2201 phases, these data were fitted using the Rietveld method.
The neutron powder diffraction (NPD) patterns were collected on a bundle of multifilamentary wires under an O 2 flux and using the thermal treatment TT2. In the neutron experiment an ILL vanadium furnace was used; the sample was inserted inside a quartz tube and hold at the optimal position by a second smaller quartz tube having the addi-tional function of O 2 inlet. A Pt/PtRh thermocouple in contact with the wire bundle was used for the feedback control of the temperature [18] .
The accuracies of both furnaces used during the XRD and NPD experiments are ±0.5 °C on the length of the samples themselves.Both NPD and XRD data were used to evaluate the phase evolution as well as the thermal dependence of microstructural properties of Bi-2212. Noteworthy, most of the radiation scattered by the internal filaments is absorbed by the external Ag sheath. For this reason, structural refinements cannot be carried out; nonetheless, Le Bail fittings (profile match-ing) can be reliably performed. At this scope fitting was carried out using the program FULLPROF [19] using a file describing the instrumental resolution function and refin-ing the scale factor; the zero point of detector; the background; the unit cell parameters; selected profile parameters; the preferred orientation parameters. The microstructural properties of the Ag sheath were inspected by means of the Williamson-Hall method [20] ; in particular, in the Williamson-Hall plots a straight line passing through the origin and all the points of the different orders of the same reflection is obtained, whose slope provides a qualitative evaluation of the microstrain contribution. In addition, the texture was evaluated by analyzing the azimuthal distribution of the XRD peak intensity.
After the thermal treatment 1, Bi-2212 powders extracted from the wires were analysed by X-ray powder diffraction analysis (XRPD; PANalytical X'Pert PRO; CuK α ). The crystal structures were refined according to the Rietveld method [21] ; refinements were carried out using a file describing the instrumental resolution function. In the final cycle, the following parameters were refined: the scale factor; the zero point of detector; the background (parameters of the 5 th order polynomial function); the unit cell parameters; the atomic site coordinates not constrained by symmetry; the atomic displacement parameters; the anisotropic strain parameters; the preferred orientation parameters.
III. Results

A. Structural properties of Bi-2212
Despite its attractive physical and technological properties, a comprehensive investigation of the structural properties at high temperature of the Bi-2212 phase has not yet carried out, to our knowledge. Structural studies performed at room temperature report both a tetragonal (space group I4/mmm) [22] as well as an orthorhombic (space group Fmmm) [23] symmetry. Rietveld refinement using X-ray powder diffraction data collected on the starting Bi-2212 powders suggests a tetragonal symmetry; in fact, no ev-ident peak splitting of the tetragonal 110 diffraction line into the orthorhombic 200 and 020 ones can be appreciated. Figure 5 shows a representation of the layered structures of both Figure 6 shows the comparison of the XRPD patterns for tetragonal Bi-2212 and Bi-2201 in the Q-range mainly inspected in the present work. For the sake of clarity, the position of these Bragg peaks serve as a reference, but can be affected by not-negligible shifts, depending on both the experimental set-up (zero shift of the diffractometer), tem-perature (thermal expansion) and chemical composition (mainly O content). B. Structural refinement of Bi-2212 after thermal treatments Table I lists the structural data of Bi-2212 extracted from the multifilamentary wires after the thermal treatments TT1 in air and O 2 (after Rietveld refinements using the labo-ratory XRPD data).
Rikel and Hellstrom [24] pointed out that the density of the Bi-2201 intragrowth layers (f) increases with the increase of the texturing degree; moreover, these authors reported a correlation between the intensity ratio of the 0 0 8 and 0 0 10 diffraction lines with the average <f(1-f)> quantity. By applying this correlation, the density of the Bi-2201 layers intragrown within the Bi-2212 phase can be approximately estimated, being ∼6.5% at maximum in the O 2 treated sample and negligible in the air treated sample. From these data, it can be concluded that the degree of texturing in our samples is significantly increased in the O 2 sample, a result that is confirmed by the in-situ analysis data reported in III D. 
C. Thermal evolution of the phase assemblage in the filaments
The thermal treatments at which the multifilamentary wires are submitted can be roughly divided into 5 main steps: 1) rapid heating up to 888°C, above the melting point of the Bi-2212 phase; 2) melting of the Bi-2212 phase; 3) texturing of the Bi-2212 phase on slow cooling; 4) plateau step at 836 °C; 5) cooling down to room temperature. Figure 7 shows the XRD data from the multifilamentary wires collected during over the samples (laboratory XRPD data collected at 300 K after melting step. In both samples the Bi-2212 phase decomposes into the Bi-2201 phase (peaks at ∼1.80, ∼2.07 and ∼2.32 Å −1 ) at ∼610
°C (∼2.83 h). The observed intensities of the Bi-2201 Bragg peaks indicate that texturing is negligible at this stage, conversely to what observed during the texturing step (vide infra). As the temperature further in-creases, the Bi-2201 phase decomposes forming a novel Bi-2212 phase approximately at ∼850 °C (∼4 h). Then, the Bi-2212 phase melts at the peritectic temperature (∼882°C).
Upon melting, during the slow cooling step, some diffraction peaks can be detected 
D. Growth and texturing of the Bi-2212 phase from the melt
On further cooling the Bi-2212 phase starts to grow, representing the main phase in both samples. The crystallization of the Bi-2212 phase from the melt is remarkably ruled by the reacting atmosphere. In the O 2 -treated sample the Bi-2212 phase starts to crystal-lize after ∼6.58 h (876 °C), exhibiting an evident preferred orientation along [110] (Figure 10 ). This result is consistent with previous studies carried out on round wires [27] and melt-cast processed polycrystalline tubes of Bi-2212 [28] , where a preferred orientation along [100] or [010] was detected by assuming an orthorhombic structural model (in the orthorhombic structural model the a and b axes are rotated by 45° and these lattice parameters are a factor of 2 longer compared with the tetragonal a and b axes). Conversely, it starts to grow only after more than 9 hours (869 °C) in the air treated sample; also in this sample the preferred orientation along [110] is evident, but in this case the remaining diffraction peaks exhibit noticeable intensities, thus indicating a lower degree of textur-ing. Figure 11 evidences the different time evolution of the integrated intensity for the tetragonal 110 peak of the Bi-2212 phase after its growth from the melt as obtained from the Le Bail fit for both O 2 -and air-treated samples. For the O 2 -treated sample, the intensity rapidly increases and then almost saturates, indicating that the Bi-2212 phase undergoes at first a fast growth. Later the intensity of the 110 peak remains approximately constant with time, suggesting that the amount of Bi-2212 does not change significantly. In the air-treated sample, where the growth of the Bi-2212 phase is substantially delayed, the formation of the Bi-2212 phase grows as well rapidly before entering a different regime where the reaction leading to the formation of the Bi-2212 is still taking place, although slowed down. On the basis of our data, it is not possible to ascertain if the reduced oxygen activity in the air-treated sample directly slows down the kinetic of formation of Bi-2212 or else favours the formation of secondary phases, whose growth competes with that of Bi-2212. FIG.11 . Time evolution of the integrated intensity for the tetragonal 110 diffraction line after the crystallization of the Bi-2212 phase from the melt (normalized data). Figure 12 shows the texturing evolution of the Bi-2212 phase after crystallization from the melt during the thermal treatments in O 2 and air obtained from the refined texture parameter. Remarkably, more than 95% of the sample treated under an O 2 atmosphere is textured along [110] as the phase appears early after the melting; the sample treated in air displays as well a notable texturing along the same direction, but the amount of oriented phase is significantly reduced. Noteworthy, the refinement of the preferred ori-entation parameters indicates that in all samples the Bi-2212 crystals are characterized by a prevailing platy-like habit.
In order to deeply investigate the texture evolution, we directly studied the spatial distribution of the diffracted peak in the 2D acquired images (see Figure 13 ). Indeed, due to the strong texturing the angular distribution of the Bragg peaks is uneven and not equally distributed along Debye Scherrer rings (at constant Q) as expected for randomly oriented powders. Analyzing several Bragg peaks belonging to different {hkl} families and assuming a cylindrical symmetry along the axis of the wire, it is possible to extract from the images the orientation distribution of the superconducting grains inside the filaments. The position of the peaks gives a biaxial orientation in agreement with the results of Kametani et al. [27] with the c-axis laying in a plane normal to the RD (wire direction) and a less pronounced preferential orientation of the basal axes in the wire direction; analysing the azimuthal angular dispersion of Friedel pairs a FWHM of about 15° and 30° can be estimated for the two direction, respectively. We also analysed the origin and the evolution of this texture during the thermal treat-ment of the wire. In figure 14 the intensity of the 008 (b) and 105 (c) peaks for the O 2 treated sample as a function of the azimuth angle (horizontal axis) and of the time (verti-cal axis) are reported. Following the evolution of these two peaks it is possible to evaluate the progression of the c-axis texture and of the basal plane respectively. A small degree of texturing, with the platy-like grains oriented along the rolling direction (Figure 14b ) (caxis in the normal directions) but no in plane texture is present (Figure 14c ) at the beginning of the thermal treatment. This effect is due to the cold working process that forces the grain to align with their largest dimension in the deformation directions, in a similar way on what happens in the Bi-2223 tapes fabrication where this effect is then amplified by the flat rolling. The strong texture appears instead immediately when the Bi-2212 phase starts to crystallize after the "melt" and no further significant effects are observed during the rest of the thermal treatment.
A similar behaviour is observed in samples prepared in air but some differences are present in the diffraction pattern, indicating a relatively more disordered structure with a more discrete distribution of the grain orientation (see Figure 14 and 15). The orientation is here again determined at the nucleation and crystallization point. Differently to the sample treated in O 2 , it is, however, possible to observe some grains that during the first part of the cooling process rotate slightly (marked by arrows on the Fig 15c) , but the overall original orientation acquired at the nucleation is kept during the process. 
E. Growth of the secondary Bi-2201 phase
In parallel with the crystallization and texturing of the Bi-2212 phase also the growth of the Bi-2201 phase is observed following the melting step, as evidenced by the growth and evolution of the 151 peak with time ( Figure 16 ). Using the Rietveld method, the weight percentage of the Bi-2201 phase can be determined to ∼9.0(2.0)% in the air treated sample at the end of the thermal treatment, whereas in the O 2 treated sample this percentage is notably suppressed, being only 6.4(1.0)%. It is important to notice that in this case the considered Bi-2201 phase percentage corresponds to the one coexisting as a secondary phase with the main Bi-2212, not to the percentage which is intragrown within it (see III B). Remarkably, the amount of both Bi-2212 and Bi-2201 phases increases with time during the plateau step in the air-treated sample, suggesting that the formation processes of these phases compete for the same reactants. 
F. Analysis of the fully reacted samples
The synchrotron XRD data collected on the fully reacted samples has been fitted using the Rietveld method for estimating the weight percentage of the phases. The obtained re-sults are in good agreement with the afore-reported data, indicating a degree of texturing for Bi-2212 of 99% and 80% after the thermal treatments in O 2 and air, respectively (Fig-ure 17) .
Several medium-to high intensity peaks pertaining to the Bi-2212 phase can be recognized in the air treated sample, although the 110 diffraction line (arrowed) exhibits the highest relative intensity, thus indicating a marked texturing. Differently, in the O 2 treated sample only the 110 diffraction line is characterized by a high relative intensity, all the other peaks displaying weak-to-undetectable intensities, thus confirming the higher degree of texturing in this sample. The structural data resulting from the fits are reported in Table II ; remarkably, the amount of secondary Bi-2201 phase appears to increase with the decrease of the c-axis of the Bi-2212 phase.
Data collected on the O 2 treated sample after 24 h (835°C), 29 h (835°C) and 36 h (295°C) during the thermal treatment TT2 are compared in Table III . Seemingly, the prolonged annealing at 835°C produces no significant change of the structural properties of Bi-2212 and even the amount of secondary Bi-2201 remains constant. This conclusion must, however, be taken with caution since it is based on diffraction data of relatively low quality, being influenced by the scattering and absorption of the Ag sheet. 
G. Microstructural analysis of the silver sheath
The different evolution of the phase assemblages and texturing in the multifilamentary wires treated under air and O 2 can be definitely ascribed to the different thermodynamic activity of oxygen within the samples. This phenomenon can be directly probed by the microstructural analysis of the Ag sheath, undergoing microstructural changes during the thermal treatments. Generally speaking, oxygen diffusion initially occurs along the grain boundaries, but as the temperature increases intra-grain interstitial diffusion can be activated and the incorporation of O atoms in the Ag structure consequently induces lattice strains [29] . In particular, oxygen diffusion determines the anisotropic displacement of Ag atoms and the formation of structural defects. As a result, the resulting structural strains selectively broadens the diffraction lines, as evidenced in Figure 18 , where the WilliamsonHall plots obtained from the two samples at the beginning (∼70°C) and at the end (∼888°C) of the heating step are superposed. Data collected from the air treated samples display a decrease of the strain along all of the crystallographic directions, in-dicating that the lattice strains produced during the cold working of the wires are elimi-nated by the thermal treatment. Conversely, in the O 2 treated sample a notable increase of the lattice strain develops along all the crystallographic direction, thus demonstrating the incorporation of O atoms in the Ag structure, that is an effective diffusion of oxygen throughout the silver sheath. In particular, the microstructural properties observed for this sample are consistent with the results reported by Nagy et al. [29] . These authors stated that oxygen diffusion takes place along 
IV. Discussion
The aim of the present paper is to give a contribution to the understanding of the pro-cesses actually occurring during the typical heat treatment in the Bi-2212 wire fabrication process. For the first time in-situ diffraction data have been collected giving insights into the phase assemblage and microstructural evolution inside a wire having been subjected to exactly the same conditions in which the wire is normally processed for application purposes. The results can thus have a direct repercussion on the production technology of such superconductors, improving their preparation. Furthermore, the observations re-ported here can partly clarify aspects and concerns left unsolved in previous works [14] [15] [16] regarding the phase formation, the evolution of the texture, the role of the oxy-gen on the transport properties and the evolution of the secondary phase Bi-2201. All the analysis was performed on our lab-made wires; however, it is worth to underline that the obtained results are in fully agreement with those observed on state-of-the-art Bi-2212 wires. Looking at the evolution of the phases in Figure 8 , we can observe that the Bi-2201 phase starts to grow well below the melting temperature. On the other hand, it is inter-esting to observe that this phase then decomposes again forming novel Bi-2212 phase at 850 °C in both cases, air and O 2 . If we look at what happens after the melting, during the slow cooling in which the recrystallization occurs (Figure 15) , new Bi-2201 phase appears again at about 850 °C, but in this case, its amount is determined by oxygen activity: in air it is about 9%wt while in pure O 2 it decreases to about 5%wt (Table II) . It is as well inter-esting to notice that this amount is reached for both samples already after a few hours at the plateau at 836 °C, and remains substantially unchanged in the fully reacted samples whose heat treatment includes a plateau at 836 °C for 48 h (Tables II and III) .
It is well known that Bi-2201 grains, whose superconducting properties are very poor, represent an obstacle for the supercurrent flowing through Bi-2212 grains. From these results, we get a strong indication about a possible optimisation of the parameters of the "standard" PMP aiming at the reduction of secondary phases and thereby at a J c enhancement in conductors used in practice. A further comment has to be done about the Bi-2201 intragrowth layers. Naderi et al [14] reports on the role of such intragrowths that, when their size is comparable with the coherent length of Bi-2212, can actually act as pinning centres, enhancing the transport properties at high field. We found that their density is approximately estimated as 6.5% in the O 2 sample, and almost negligible in the air sample. However, given the difficulty in making such calculation in our experiment, we leave open the issue, pushing it back to a more proper and precise investigation.
The analysis of the texture evolution showed that the deformation process is able to induce, similar to the situation in the manufacturing process of Bi-2223 tapes, a preferential orientation of the c axis normal to the RD while no in plane orientation is present after the cold working process or in the first part of the thermal treatment, where the Bi-2212 phase partially recrystallizes. During the "melting" obviously no Bi-2212 crystalline phase is detected, but simpler oxides are observed. The diffraction pattern of these phases does not correspond to a powder pattern with circular Debye Scherrer rings circles but appears as bright spots reflecting the formation of a few but large crystal grains. The spots are randomly distributed in the azimuthal direction, indicating that no preferential orientation is kept in this stage of the process.
Lowering the temperature, the Bi-2212 phase starts to crystallize (at different temperatures in O 2 atmosphere or air as previously discussed) and nucleates directly with a strong biaxial texture. In particular the c-axis of the Bi-2212 grains is narrowly distributed (FWHM 15) around the normal to the wire plane. A measurement performed on a fully reacted wire, without the furnace but mounted on a Φ stage, allowing rotating the sam-ple around the wire axes, confirmed the cylindrical symmetry by showing no significant dependence of the pattern on the Φ angle. A smaller, but significant orientation (FWHM 30) is observed also for the distribution of the rotation of the grain around their c-axis. The observed texture and its values are fully in agreement with the results of Kametani et al [27] but in addition to this work we were able to observe that this texture originates from the nucleation of the Bi-2212 phase after the melt and does not depend on any tex-ture previously induced in the powders. The successive steps in the thermal treatment (slow cooling and plateau) affect the grain growth and the crystalline order of the phase but no effects are observed on the evolution of the texture for the sample treated in O 2 . The sample reacted in air shows basically the same behaviour. Its diffraction patterns reveals, however, a certain texture evolution during the plateau step and a number of grains showing different orientations are detected. In some cases, a tendency for these grains to align along the "main" orientation in the course of the thermal treatment is ob-26 served. In general, the degree of the final texture in the air-treated samples is lower than in O 2 -treated ones indicating that the oxygen activity plays a primary role.
V. Conclusion
In summary, we have presented an in-depth in-situ analysis of the phase and its microstructure evolution in our lab-made Bi-2212 wires taking place during the heat treatment usually applied in the fabrication process. The results in terms of secondary phase detection and grains texture are not only in full agreement with what is reported for stateof-the-art wires, but also add important insights for a further optimization of the process itself. It is now clear when and at which temperature the Bi-2201 phase forms and consequently how to avoid it. As already observed before, the Bi-2212 phase shows an in-plane and an out-of-plane texturing but the here presented results reveal as well that the tex-ture originates from the nucleation of the Bi-2212 grains and does not evolve during the successive steps of the treatment. The role of the oxygen activity has been better clarified with the demonstration that this parameter rules the Bi-2212 texturing. These findings are of great importance for reducing the amount of secondary phases and improving the degree of texture, the two key parameters for obtaining high J c values.
These results should furthermore promote the development of other HTS materials as isotropic wires through a similar process.
